INTRODUCTION
A feeder is a machine or device that is used to feed any kind of material, chemical or product to the assembly line, manufacturing stations or wherever necessary. The feeder serves the very important purpose of automating the assembly process which was previously largely dominated by manual labour, hence reducing costs, improving efficiency and better results. The feeder used during this experiment is Vibratory Bowl Feeder. It is an instrument that uses vibration to feed material. Both vibration and gravity are used to move materials in this feeder. Direction is determined by gravity, either down, or down and to a side, and then material is moved by vibration. They are mainly used to transport smaller objects in large quantity.
A number of research papers have been surveyed to understand the importance of mechanized feeding and to study the various techniques used by the experimenters to analyse the behaviour of these feeders.
Taguchi approach was applied by Jain et. al. [1, 2] in order to optimise the performance of vibratory bowl feeder and it was found that part population had a negative effect on feed rate whereas, frequency had a positive effect on feed rate. Initially, the part size had a negative effect but owing to its interaction with frequency and part population, it became positive after a while.
In the investigation carried out by Jindal et. al. [3] graphical and mathematical analysis of vibratory bowl feeder using clip shaped components revealed that the highest frequency with the highest part population was exhibiting the maximum feed rate for the smallest part size in the graphical analysis.
According to Chauhan et. al. [4] , the factorial approach to study the effects that various parameters had on the feeder gave satisfactory results.
Bhagat et. al. [5, 6] , analysed graphically and mathematically, the behaviour of the vibratory bowl feeder for feeding headed components and it was concluded that the mathematically developed model could estimate the magnitude and direction of the effects of variation in factors as well as predicts the effects of their mutual interactions. 
PLAN OF INVESTIGATION

Identification of process parameters and their working ranges
There are many part parameters, process parameters which were observed to affect the behaviour of the feeder. These parameters are part population, part size, frequency, part weight, part material, part height and shape. A number of trial experiments however showed that frequency, part size and part population were the most significant process parameters from the lot and were therefore, chosen as input parameters for the investigation. A series of trial experiments were conducted to figure out the working ranges of these input parameters. These ranges are shown in table 1 
Development of Design Matrix
To analyse the individual and interaction effects of process parameters, design of experiment's statistical approach was chosen. Central composite face centred technique was applied to decide the number of experiments to be conducted as per the design matrix given in table 2. A total of 20 (2 3 +2*3+6=20) experiments were conducted with single replication and the corresponding readings for feed rate were recorded in Table 2 .
Conducting the experiments as per the design matrix
The experiments were conducted on a frequency bowl feeder with the bowl having a diameter of 300mm whose vibrating frequency has been controlled using a frequency control unit, which allows stepless control of vibrational frequency that acts as an important factor affecting the feed rate of this feeder. 
Recording the observations
Design of matrix's statistical approach was opted and 20 experiments were conducted as per the design matrix. The observations have been shown in table 2. 
Testing the significance of the model
The significance of the developed model and lack of Fit was tested using ANOVA technique with the help of Design Expert software whose results are given in Table  3 . It is evident that the developed model is significant and the lack of fit is insignificant. Further, the Fit Statistics table given in Table 4 also verifies the claim by a significantly high value of R 2 . The scatter diagram between predicted and actual value shown in Fig. 2 
Results and their analysis
The results of the investigative work performed so far has been depicted in the form of pictorial graphs in figures. [3] [4] [5] [6] . The analysis of these results is explained as below
Direct effect of Frequency on feed rate
Feed Rate has been found to increase with increase in Frequency. This could be explained by the fact that increased frequency resulted in more agitation of the components which lead to an increased pushing tendency among components, driving them towards the delivery chute, hence positively affecting the feed rate. Fig. 3 . Effect of frequency on feed rate
Direct effect of Part size on feed rate
It was found that increase in part size led to decrease in feed rate. A possible explanation for this trend could be that with increased part size, component mass also increased thus granting it more stability towards the same amount of agitation. Increase in diameter must have contributed to the increase in fall-back factor due to which larger sizes exhibited the tendency to fall back from the tracks into the bowl before reaching the delivery chute. Fig. 4 . Effect of part size on feed rate Figure 5 shows an increasing trend in feed rate on being subjected to increase in the part population inside the bowl. This could be due to the reason that with increase in part population the number of effective interactions between components within the bowl increase, resulting in components being pushed up the tracks at a faster rate, which as a result shows an increase in the feed rate. Figure 6 shows that both part size and part population have positive effect on the feed rate, with part population having more dominating one and has outweighed the negative effect of part size when taken as a single factor. This also, explains that the behaviour of a factor may change drastically when taken in interaction with other factors. 
Direct effect of Part population on feed rate
Interaction effects of Frequency and Part population on feed rate
The interaction effects exhibited in Figure 7 show that while Part Population has a positive effect on feed rate whereas the effect of frequency remains negligible. This could be explained as, though these parameters have a positive effect when taken independently, but when taken together, the effect of frequency seems subsided this could be to keep the feed rate within practical deliverable rates. Figure 8 shows the effect of part size and frequency on feed rate. It is very evident from the graph that with increase in frequency, the feed rate increases and with increase in part size there is an increase in feed rate Moreover, for lower frequency but for higher frequency, the slope of the part size v feed rate curve increases. Central composite face centred has been found to be satisfactory and useful in predicting the behaviour of a vibratory bowl feeder. 2. Part population and frequency were found to have positive effect on feed rate, whereas part size was found to have a negative effect on the feed rate, when factors are taken individually. 3. Increase in part population shows an increase in feed rate. When interaction effects of part population and part size are considered, feed rate exhibits an increasing trend with increase in part population but a decreasing trend fir increase in part size. 4. Part population was found to have positive effect on feed rate, whereas Frequency seemed to have no effect on the feed rate when interaction effects were considered. 5. Part size was found to have a positive effect on feed rate. However, it was observed that, for larger part sizes, frequency had a negative effect on the feed rate whereas for smaller sizes, frequency had a positive effect.
